Abstract-Cadmium (Cd) is a heavy metal that be a source of concern for industrial workers and it was proposed in the formation of advance glycation end products (AGEs) such as methylglyoxal (MG 
[1]- [3] .
Cadmium also affects reproductive organs especially ovarium. Basic histological studies showed that in the ovary cadmium causes a decrease in the number of primary follicles. Massanyi et al. in their research showed that the number of atretic follicles was significantly higher in all groups administered cadmium and the diameter of the follicles was significanlty smaller in the primary follicles of group C compared with control group [4] , [5] . The mechanism cadmium damage the ovarium might through the formation of advance glycation end products (AGEs) by nonenzymatic reaction and the formation of advance oxidation protein products (AOPP) [6] .
The nonenzymatic reaction between reducing sugars and proteins, known as glycation, has received increased attention in nutritional and medical research. Nonenzymatic glycation is a complex series of reactions between reducing sugars and amino compounds. As the first step of AGEs formation, the free amino groups of proteins in the tissues react with a carbonyl group of reducing sugars, such as glucose, to form glucosamines via a Schiff base by Amadori rearrangement. Both Schiff base and Amadori product further undergo a series of reactions through dicarbonyl intermediates [e.g., glyoxal (GO), methylglyoxal (MG) and 3-deoxyglucosone], to form AGEs. GO and MG, the two major α-dicarbonyl compounds found in the human body, are extremely reactive and readily modify lysine, arginine, and cysteine residues of proteins [7] . Reactive carbonyl compounds such as GO and MG have recently attracted much attention because of their possible clinical significance in chronic and age-related diseases [8] [9] [10] . For example, MG mediates vascular inflammation in human endothelial cells [11] , gastric ulcer [12] , and renal disease [13] .
In recent years, a number of protein crosslinks have been isolated that are thought involve the MG. MG is a potent protein and nucleic acid modifying agent found in all mammalian systems as a consequence of energy metabolism. MG is produced through spontaneous phosphate elimination from glycolytic pathway intermediates. MG levels also respond to signaling events associated with cell death, indicating that anabolic activities for MG production that may be present in mammalian systems as they are in bacteria, although that is yet to be demonstrated. The physiological concentration of MG is thought to range between 256 nM in blood (2.4 μM in diabetics), 1μM in plasma and 15 μM in urine in healthy human. However, up to 310 μM has been reported where assay systems have quantified reversibly protein-bound methylglyoxal along with unbound. Ninety-nine percent of methylglyoxal is thought exist in reversibly bound state to protein or other biological ligands [14] , [15] . The previous study described that the reaction of MG with ceruloplasmin may lead to decreased feroxidase activity in vitro [16] . In addition, the ferritin/MG/lysine system may lead to oxidative DNA damage via the generation of ROS by the Fenton-like reaction of free iron ions released from oxidatively damaged ferritin [17] . Based on previous research, methylglyoxal formation can be accelerated by metals in vitro. The proposed mechanism explained that the metal Mn+ (e.g., Fe 2+ , Cu
2+
, and so on) can catalyze the 2,3-enediol and formed MG and hydroperoxide [18] .
Exposure of Cd activated cells to form a reactive oxygen compounds. This event called respiratory burst involving the NADPH oxidase activation. At the respiratory burst, there was a rapid uptake of molecular oxygen and transformation into reactive oxygen compounds, which is a representation of the host defense mechanisms in the inflammatory site. It is important that relevant reactive oxygen compounds physiological concentrations able to modulate the redox-sensitive signaling cascade and improve immunological cellular function [19] .
Reactive oxygen species such as hydrogen peroxide, superoxide anion, hydroxyl radical, etc can trigger oxidative damage to macromolecules, leading to lipid peroxidation, amino acid chains oxidation, cross links protein formation, polypeptide chain oxidation forming protein fragmentation, DNA strands ruptured. Radical oxygen compounds were involved in production of advance oxidation protein products (AOPP) [20] .
AOPP is dityrosine containing cross linked protein products, a definition that is important as it excludes protein aggregates that are formed by disulphide bonds as a result of oxidative stress. Therefore, AOPP is a good oxidative stress marker, which originates under oxidative and carbonyl stress and increase global inflammatory activity. Several studies have used AOPP as a marker for several disease. AOPP has used as oxidative stress marker for nasal polyposis and acute coronary syndrome and also as inflammatory marker for liver cirrhosis and chronic renal failure [19] , [20] .
The use of Carbonyl Compound (CC), MG, hydrogen peroxide and AOPP as marker for the damage of ovarian cells were never been investigated, therefore a study to use this method as a marker for ovarian damage should be performed.
II. MATERIAL AND METHODS
The present study was a true experimental study with post-test-only and control group design to examine the impact of Cd exposure in ovarian rats (Rattus novergicus) with 10 weeks of age and weighing 200-250 grams. The study involved 2 groups of 40 female rats (Rattus novergicus), where one group was the control group, while the other was the case group with exposure of Cd.
The control group rats were given 2 ml of distilled water with a sonde every morning while in the treatment group rats were exposed Cd. After 4 weeks, the mice were sacrificed using ether and then decapitated and performed surgery to take out the ovaries.
Ovaries were washed with phosphate buffer pH 7, then ground up into a liquid. Then taken and 5 ml centrifuge with a speed of 3500 rpm for 10 minutes. After that, 200 mL of supernatant was taken for examination.
The damage of ovarian was measured from carbonyl compound, methylglyoxal, hydrogen peroxide and AOPP production.
A. Data Analysis 1) Carbonyl compound assay
Sample derivatization. Two 1-mg aliquots are needed for each sample to be assayed. Samples are extracted in a final concentration of 10% (w/v) TCA. The precipitates are treated with 500 μL of 0.2% DNPH or 500 μL of 2 M HCl. Samples are incubated at room temperature for 1 h with vortexing at 5-min intervals. The proteins are then precipitated by adding 55 μL of 100% TCA. The pellets are centrifuged and washed three times with 500 μL of the ethanol:ethyl acetate mixture. The pellet is then dissolved in 600 μL of 6M guanidine hydrochloride. The carbonyl content is determined by reading the absorbance at the optimum wavelength 390 nm [21] .
2) Methylglyoxal assay
Methylglyoxals are estimated according to the modified method of Racker [22] . Twenty-five μl of samples was added to 350 μl of DNPH [0.1% DNPH in 2N HCl]. Then to each tube 2.125 ml of distilled water was added. Then it was incubated for 15 minutes at 370C. After the incubation 1.5 ml 10% NaOH was added and absorbance was read at 576 nm using spectrophotometer. MG levels are expressed in percent absorbance MG and dicarbonyl absorbance.
3) Hydrogen peroxide assay
90 ml of sample, 10 ml of methanol and 900 ml of xylenol orange reagent containing ferrous ions were added successively and absorbance was noted at 560 nm [23] .
4) AOPP assay
Serum AOPP measurement were made by spectrophotometric methods as describe by Witko-Sarsat et al [24] .
B. Statistical Analysis
Data are presented as means ± SD. The differences were examined by the Mann-Withney test. For all outcomes, a nominal p-value of p<0.05 was considered significant.
III. RESULT AND DISCUSSION
The average levels of MG and CC are presented in Table I . Mann-Whitney test results showed (see Table I ) that there were significant differences between case and control groups (p<0.05).
Oxidants, including ROS, are constantly produced in cells through normal metabolic processes. Oxidative or oxidant stress occurs when the balance of oxidants within the cell exceeds the levels of antioxidants present. In many cases, reactive carbonyls are produced as a consequence of oxidative stress. The main mechanisms of endogenous reactive carbonyl production as a result of oxidant stress include the oxidation of lipids or lipid peroxidation, and the oxidation of glycation products or glycoxidation [25] .
For the first mechanism, the peroxidation of membrane-derived lipid molecules is a well-studied consequence of increased intracellular oxidant levels. This process is known to give rise to many products through a series of iterative oxidation and cleavage reactions. The most commonly characterized products are aldehydes, derived from ω-6 polyunsaturated fatty acids, such as malondialdehyde (MDA), hexanal, acrolein, glyoxal, crotonaldehyde, trans-2-nonenal, 4-oxo-2-nonenal, and 4-hydroxy-2-nonenal (HNE). MDA is the most common aldehyde produced, comprising of 70% of the total produced by lipid peroxidation. Hexanal contributes 15% and HNE contributes 5% of total aldehydes. Acrolein was identified as a lipid peroxidation product more recently through studies that examined the oxidation of low density lipoprotein (LDL) but was previously characterized as an environmental pollutant [25] .
Many lipid peroxidation products have been detected at high levels in diseased states, and in fact several have the potential to be used as biomarkers of oxidative damage and disease progression. For example, in AD brain, there is an increase in levels of acrolein and studies have suggested that the levels of acrolein-modified proteins can be used as markers of the disease. Other reactive aldehydes, such as HNE, are also elevated in AD brains, up to 3 nmol/mg of cell protein, and protein adducts of some aldehydes, such as crotonaldehyde, have been specifically detected in reactive astrocytes and microglia around senile plaques from AD brain In other diseases, for example in a rat model of hypertension, levels of HNE-protein adducts are significantly increased in plasma. HNE is also detected in fibrotic plaques and in oxidized LDL, supporting its role in the pathogenesis of atherosclerosis. In Type II diabetes, there is an elevation in the levels of HNEalbumin dducts in serum [25] .
For the second mechanism, glucose combines a delicate balance chemical stability and chemical reactivity for metabolism synthesis. It also exists in several structural synthesis, divided based on the conformations: two major forms of pyranose (six-member rings with anomeric carbon at member rings with carbo position 1, one minor form of furanose (five ring), and an open aldehyde. However aldehyde form is essential intermediate for conversion among these forms. The linear aldehyde glucose reactive structure that can bind to the amine group protein become glycated protein. This is consistent with the mechanism proposed by Voziyan et al. [6] can accelerate the formation of compounds dicarbonyl [e.g., glyoxal (GO), methylglyoxal (MG) and 3 deoxyglucosone].
MG as a side-product of glycolysis arises from an increased flux during hyperglycemia. Plasma MG levels are elevated in diabetic patients, which underscores the clinical and pathological significance of MG. An excess of MG and other reactive aldehydes such as glyoxal and 3-deoxyglucosone (3-DG) causes carbonyl overload and stress in such conditions as diabetes, hypertension, atherosclerosis, and neurodegenerative diseases [26] . MG has been postulated to play a role in the development of hypertension [27] . Studies using animal model and cell cultures showed a significant increase in blood pressure to coincide with elevated MG level in plasma and aortic tissues [28] . However, functional links between MG biogenesis and hypertension, in part mediated by ROS and AGEs, have only been documented in rat model but not yet in humans under these conditions.
MG is an endogenous metabolite formed in virtually all mammalian cells primarily from the triosephosphate intermediates of glucose metabolism. Other important precursors for MG generation include aminoacetone and ketone bodies from protein catabolism and fatty acid oxidation, respectively. Several enzymatic or nonenzymatic reactions are involved in MG formation from these precursors. Enzymatic formation of MG includes reactions catalyzed by 3 kinds of enzymes: methylglyoxal synthase, cytochrome P450 2E1 (CYP 2E1), and semicarbazide sensitive amine oxidase (SSAO) [26] .
The main nonenzymatic reaction for MG formation is the spontaneous degradation of triosephosphate intermediates in glucose metabolism, DHAP and glyceraldehyde-3-phosphate (GA3P). Any pathways that increase glycolytic flux and triosephosphate formation are possibly linked to MG formation, such as the glycolysis pathway under physiological conditions and the activated polyol-fructose pathway under hyperglycemic conditions [26] .
The average levels of H 2 O 2 and AOPP are presented in Table  II . Mann-Whitney test results showed (Table II) that there were significant differences between case and control groups (p<0.05).
Environmental stresses are known to induce hydrogen peroxide and other toxic oxygen species production in cellular compartments and result in acceleration of lipid peroxidation and other oxidative damage. Hydrogen peroxide being a strong oxidant can initiate localized oxidative damage in cells leading to disruption of metabolic function and loss of cellular integrity resulting in senescence promotion. It also changes the redox status of surrounding cells [27] .
In human, hydrogen peroxide is produced in many different cell types, including fibroblast, vascular endothelial, smooth muscle, and inflammatory cells . It is known to act as a cellular signaling molecule within blood vessels, and it plays key roles in regulating vascular smooth muscle cell (VSMC) growth, differentiation, migration, and vascular inflammation. Hydrogen peroxide has been shown to cause constriction in a variety of vascular beds under quiescent conditions, and it can induce vasoconstriction in a number of arteries in vitro, including rat aorta, vena cava and pulmonary artery, canine basilar artery, and human placental arteries [28] . H 2 O 2 is an even less reactive species that is uncharged and can diffuse across membranes through aquaporins. Despite its low reactivity, some proteins contain specific cysteine residues that are prone to oxidation by hydrogen peroxide, which are critical to hydrogen peroxide-based signaling systems. H 2 O 2 can be converted to the radical hydroxyl, a highly reactive species. Hydrogen peroxide is the substrate for the majority of the antioxidant systems in the cell. These antioxidant systems are required to minimize the reaction controlling the conversion of H 2 O 2 to radical hydroxyl [29] .
Another type of oxidative modification of protein is AOPPs. AOPPs are produced during oxidative stress as a result of myeloperoxidase activity in activated neutrophils acting on hypochloric acid and chloramines; these are a reliable marker to measure the oxidative modification of proteins [30] . Myeloperoxidase is an haeme-containing enzyme which secreted by the phagocytes after an activation from respiratory burst system. Myeloperoxidases are usually used as tissues neutrophil accumulation and neutrophil activity marker on plasma assays. Myeloperoxidase use hydrogen peroxides to oxidize amount of aromatic species (RH) by one electron mechanism to form aromatic radical (R • ) . This is typical, therefore they are ready to oxidize the strong non radical reactive oxygen species, the HOCl ions. HOCl is reactive oxygen species that produced by neutrophils and very bactericidals [19] .
The oxidative modifications of proteins are more stable than lipids, making proteins good oxidative stress markers. Protein oxidation can result from the formation of protein carbonyls, formation of cross linked molecules by sulphydryl group oxidation, and formation of advanced oxidation protein products (AOPPs). AOPPs can be defined as dityrosine that includes cross linked proteins. This definition is important because it excludes protein aggregates that are formed as a result of disulphide bonding. Therefore, AOPPs may have a function as a marker for oxidative stress [31] .
AOPP has used recently as oxidative stress marker for several disease. The involvement of AOPPs on oxidative stress has used as marker for chronic renal failure, acute coronary syndrome, liver cirrhosis, and nasal polyposis [32] [33] [34] [35] .
IV. CONCLUSION
It can be concluded from presented results that Cd induced damage in ovarian rat cells by increased of MG, CC, H 2 O 2 and AOPP levels.
